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This report presents the design and development of the disc valve exhaust port. 
Objectives of this project are to design and develop of disc valves exhaust port for 
MODENAS KRISS 110cc four stroke engine new cylinder head. In the original engine, 
a poppet valve is used in the exhaust port. A disc valve will replace the function of the 
existing poppet valve of controlling the exhaust port opening and closing. This report 
describe about the design and the working operational of the disc valve in the new 
cylinder head. The solid modeling of disc valve was designed using the computer-aided 
drawing software. The disc valve designed used the original valve timing and duration. 
As a conclusion, the disc valve duration and valve timing is fully controlled by the disc 







Laporan ini mempersembahkan mengenai rekaan dan pembinaan injap cakera untuk 
salur ekzos. Objektif projek adalah untuk mereka dan membina injap cakera salur ekzos 
untuk rekaan baru kepala silinder enjin empat lejang Modenas Kriss 110. Pada enjin 
asal, injap ‘poppet’ digunakan pada salur ekzos. Injap cakera akan menggantikan fungsi 
injap ‘poppet’ di dalam mengawal pembukaan dan penutupan salur ekzos. Permodelan 
struktur pejal bagi injap cakera direka dengan menggunakan perisian lukisan bantuan 
komputer. Rekaan injap cakera ini menggunakan pemasa injap dan tempoh enjin asal. 
Kesimpulannya, injap pemasa dan tempoh  injap untuk injap cakera adalah dipengaruhi 
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There are many research has been done on the internal combustion engine 
especially for the four stroke and two stroke engine. Main objectives of the research are 
to improve the efficiency of the engine and increased the power produce by the engine. 
Four stroke and two stroke engines have their own advantages and disadvantages. 
 
Advantages of two stroke engine are the engine design is simple compare to the 
four stroke engine. This type of engine does not have the valve train system that make 
the engine is less weight compare to another type of engine. Disadvantages of the four 
stroke engine are the noise produce from the exhaust is noisy. The engine also needs 
special lubricant to decrease the friction between the wall in the combustion chamber 
and the piston.  
 
Advantages of four stroke engine are the emission produce is not dangerous to 
the environment compare to the two stroke engine. The noise produces by the exhaust 
also more silent than two stroke engine. Disadvantages of this engine are the design is 
complicated because it uses valve train system. That make the engine has more 




There are research has been done to combine the four stroke and two stroke 
single cylinder engine. The combination is done by removing the original valve train 
system for four stroke engine and replaced it by the new cylinder head that use the two 
stroke engine system. These combination engines will use dual piston where the main 
piston is in the engine while the second piston is used in the head. 
 
1.2 PROBLEM STATEMENT 
 
There are two general type of single cylinder engine in the market. It is two 
stroke engine and four stroke engine. Both of the engines have their own advantages and 
disadvantages. The advantages of the two stroke engine is the design of the engine, it use 
simple component. Two stroke engines is more efficient than four stroke engine in term 
of power but in exhaust emission four stroke engine have more advantages. These two 
types of engine can be combined into one engine system. The combination of this two 
engine will improved the internal combustion system.  
 
The combination of this engine can be done by removing the head of the four 
stroke engine system that contain valve, rocker arm and camshaft and replaced the head 
existing system with the two stroke engine system. The new head design contains piston 
controlled and all the basic components that have in the two stroke engine. The exhaust 
system is important to make sure the engine can eliminate the exhaust gaseous smoothly 
and make the engine run efficiently. The important part in the exhaust port system is the 
valve. The new design head engine will eliminate the usage of the popper valve and 
replace by the disc valve. Advantages of using the disc valve compare to the popper 
valve are it can increase the volumetric efficiency since there is no valve in the way of 
the exhaust gaseous flow. Usage of the disc valve also can improve mechanical 
efficiency because there is no power working against the compression.  
 
It’s important to design the disc valve to make sure the disc valve is working 
properly and can eliminate the exhaust gaseous smoothly. This project is to design and 
develop of the disc valve exhaust that can work properly on the new head engine design. 
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The disc valve must be open and closed the exhaust port in correct timing to make sure 
the flow of the exhaust gas can move smoothly. 
1.3 OBJECTIVES 
 
Objectives of this project are to design and develop a Disc valves exhaust port for the 




Scopes of this project are: 
1. Engine dissembled and cylinder head system component measurements. 
2. GTPOWER  modeling for the original engine valve train system (EAN 110) 
3. Literature review on the BEARE HEAD engine.  
4. Design on disc valves exhaust that used in the new head engine.  























2.1 FOUR STROKE ENGINE 
 
Four stroke engines need to do four rotations to complete one cycle. First 
rotation is intake stroke. As the piston starts going down, the inlet valve is opened 
(mechanically opened by the turning of the crank-shaft). A mixture of air and gas is 
going in. As it reaches the bottom, the valve closes. Second rotation is compression 
stroke. The piston starts going up, caused by the force of the turning crankshaft. When it 
reaches the top, the air/gas mixture reaches a certain compression which is highly 
explosive.  
 
Third rotation is power stroke. At this point, the electric circuit connected to the 
spark plug is turned on (driven mechanically by the position of the crank shaft). The 
spark plug causes a spark in the dense mixture of air and gas. The spark starts the 
explosion in the cylinder on top of the piston. This expansion caused by the explosion 
pushes the piston down. This force turns the crank-shaft around. The last rotation is 
exhaust stroke. As the piston goes up again, the outlet valve opens (being driven 
mechanically). The used air (smoke) from the explosion escapes through the outlet 






The cycle is then repeated. Four stroke engines have the valve train system at the 
head of the engine to control the intake and exhaust valve. 
 
The advantages of four stroke engine are: 
 
 Last longer life than two stroke engines  
 More efficient use of gas  
 Less polluting. Four stroke engine does not release as much gas and oil mixture 
and in the exhaust along with an unpleasant odor 
 Shown better gas mileage than the two-stroke engine and avoids the high decibel 
whine associated with the two-stroke engine. 
 
2.1.1 Valvetrain system in the four stroke engine. 
 
The valves are typically operated by a camshaft, with a series of cams along its 
length, each designed to open a valve appropriately for the execution of intake or 
exhaust strokes while rotating at half crankshaft speed. A tappet between valve and cam 
furnishes a contact surface on which the cam slides to open the valve. The location of 
the camshaft varies, as does the quantity.  
 
Most engines use overhead cams, or even dual overhead cams, as in the 
illustration, in which cams directly actuate valves through a flat tappet. This design is 
typically capable of higher engine speeds because it gives the most direct and shortest 
inelastic path between cam and valve. In other engine designs, the cam shaft is placed in 
the crankcase and its motion transmitted by a push rod, rocker arms, and valve stems. 






Figure 2.1: Four stroke engine structure 
 
2.2 TWO STROKE ENGINE 
 
Two strokes engine only need to do two rotations two complete one cycle. First 
rotation is intake and power stroke. The compressed fuel-air mixture ignites and thereby 
the piston is pressed down. At the same time the intake port is covered by the piston. 
Now the new mixture in the crankcase becomes recompressed. Shortly before the piston 
approaches the lower dead centre, the exhaust port and the overflow conduit are 
uncovered.  
 
Being pressurized in the crankcase the mixture rushes into the cylinder 
displacing the consumed mixture (exhaust now). Second rotation is compression and 
exhaust stroke. The piston is moving up. The overflow conduit and the exhaust port are 
covered; the mixture in the cylinder is compressed. At the same time new fuel-air 





Advantages of two strokes engine:  
 
 Has more get-up-and-go because it fires once every revolution, giving it twice 
the power of a four stroke, which only fires once every other revolution.  
 Can be operated in any orientation because it lacks the oil sump of a four stroke 
engine, which has limited orientation if oil is to be retained in the sump 
 The engine fires - spark plug ignites - once every revolution of the crankshaft. 
 They produce twice the power than four stroke engines.  
 The work required to overcome the friction of the exhaust and suction strokes is 
saved. 
 As there is a working stroke in every revolution, a more uniform turning moment 
is obtained on the crankshaft and therefore, a lighter flywheel is required. 
 Two-stroke engines are lighter than four-stroke engines for the same power 
output and speed. 
 For the same, output, two-stroke engines occupy lesser space. 
 They are much simpler than four stroke engines.  
 Two stroke engines are simpler than four stroke engine. The construction of a 
two-stroke cycle engine is simple because it has ports instead of valves. This 
reduces the maintenance problems considerably. 
 
Disadvantages of the two stroke engine 
 
 Faster wear and shorter engine life than a four stroke due to the lack of a 
dedicated lubricating system.  
 Heavily pollutes because of the simpler design and the gas/oil mixture that is 
released prior to, and in the exhaust (also creates an unpleasant smell).  
 Has a high-decibel whine that may exceed legal noise limits in some areas, 
depending on the product and local applicable laws. 
 They last less. Lubrication is not as efficient as in a four stroke engine with 
heavy oil.  
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 Do not use gas efficiently.  
 Pollute more.  
 High speed two-stroke engines are less efficient owing to the reduced volumetric 
efficiency. 
 Part of the piston stroke is lost with the provision of the ports thus the effective 
compression is less in case of two-stroke engines. 




Figure 2.2: Basic structure of two stroke engine 
 
2.3 SIX STROKE ENGINE 
 
This engine is design by the Malcolm. J. Beare and was patented on 3rd February 
1998 in the United State Patent. Another command name of this engine is Beare Head 
Engine. The engine is modified only on the head engine system while the bottom part of 
the engine is in the original condition. 
